Abstract. The Λ polarization, the analyzing power, and the Λ spin transfer coefficient of the reaction pp Ñ pK`Λ were measured at beam momenta of 2.70 GeV/c and 2.95 GeV/c corresponding to excess energies of 122 MeV and 204 MeV. While the analyzing power and the spin transfer coefficient do not change significantly with the excess energy, the Λ polarization varies strongly and changes its sign. As this is the first measurement of polarization observables below an excess energy of 200 MeV, the change of the sign of the Λ polarization was not observed before. The high statistics of the data (« 200 k events for each momentum) enables detailed studies of the dependence of the Λ polarization and the analyzing power on the center of mass momentum of the particles. The results of the spin transfer coefficient are in qualitative agreement with the DISTO experiment. The Λ polarization data of 2.95 GeV/c are only conform with the DISTO experiment, while both the 2.70 GeV/c and 2.95 GeV/c data differ strongly from all previous measurements, whether exclusive or inclusive.
Introduction
In this paper the results concerning the polarization observables of recent COSY-TOF measurements of pp Ñ pK`Λ are presented. Angular distributions, Dalitz plots, and invariant masses were discussed in a previous paper [1] . Due to the nearly 4π acceptance of the COSY-TOF detector for this reaction it is possible to measure the Λ polarization, the analyzing power determined with the final state particles, and the Λ spin transfer coefficient for a current address: Institute for Nuclear Research Moscow 117312, Russia b current address: Hadron Physics I, GSI Helmholtzzentrum für Schwerionenforschung GmbH c current address: Universität Duisburg-Essen 45141 Essen, Germany d corresponding author e.roderburg@fz-juelich.de e current address: Corporate Development, Forschungszentrum Jülich, 52428 Jülich, Germany the whole kinematic range. For measurements of the analyzing power and the spin transfer coefficient the experiment made use of the polarized extracted proton beam from the COSY accelerator, with polarization up to 90%
Since the first observation that Λ's exhibit a polarization, even being produced with an unpolarized beam [2] , many experiments examined the dependence of this polarization on different kinematic variables. These experiments were performed with high beam momenta. No consistent behavior of the Λ polarization emerged from these measurements. Closer to threshold only inclusive data from HADES (p b = 4.34 GeV/c) [3] and exclusive data from DISTO (p b = 3.67 GeV/c) [4] exist. The COSY-TOF data discussed in this paper are the first to give information of the Λ polarization as close as ǫ = 122 MeV above threshold. They exhibit a strong dependence of the Λ polarization on the excess energy, which was not observed before.
The analyzing power measured with the final state particles provides information on the angular momenta involved in the process in addition to the information that can be gained from the angular distributions. The measured distributions should help to determine parameters of a partial wave analysis, which is in preparation [5] . As most of the previous measurements were inclusive and high acceptance is needed for measurements of the analyzing power, the existing data are very scarce and partly still preliminary. As the COSY-TOF data cover the full accessible phase space, they can be described with Legendre polynomials. The dependence of the Legendre coefficients on the particle momenta is examined.
The measurement of the spin transfer coefficient combines information on the Λ polarization with the analyzing power by an event to event analysis. Apart from three measurements at high momenta, which were restricted in the kinematic range [6, 7, 8] , the only exclusive measurements were published by the DISTO experiment [9] . The COSY-TOF data allow for the first time a comparison of this observable between independent measurements.
Experimental setup and analysis
The data were taken with the COSY-TOF spectrometer, which was situated at an external beam of the accelerator COSY/Jülich. The COSY-TOF detector is a non mag- netic spectrometer built as a cylindrical vacuum vessel, with 3.5 m length and 3 m diameter (see fig.1 ). The inner walls are covered with segmented scintillation counters, which are used for trigger signal generation. The main components are the miniaturized liquid hydrogen target in cylinder form with 6 mm diameter and 4 mm length and the straw tube tracker, from which precise information of the vertices and track directions are obtained. The detector is described in detail in [1] .
The analysis of the pK`Λ final state examines events which are triggered by four or more hits in the scintillator hodoscopes. These events are fitted by a two vertices hypothesis: a primary vertex of pK`and a secondary vertex of the Λ decay. Events for which this fit converges are submitted to a kinematic fit procedure, which applies momentum and energy conservation and the masses of the involved particles. The assignment of the proton and kaon masses to the primary tracks is done by applying the kinematic fit for each possibility, and the result with the lowest χ 2 is chosen [10, 11] . For the definition of a pKΛ event the following criteria are applied: The χ 2 /NDF of the kinematic fit has to be less than 5, the decay length in the rest system of the Λ has to be larger than 2 cm and the angle of the decay proton to the Λ direction has to be larger than 2.5˝.
The background introduced by multi-pion events is determined to be less than 5% by comparing the measured Λ decay length distribution to the expected distribution [1] . Special care has to be taken for the admixture of Λ's from pp Ñ pK(Σ 0 Ñ γΛ), which dilutes the measured Λ polarization and introduces unknown errors to the spin transfer coefficient and to the analyzing power. The suppression of the Σ 0 events by the χ 2 threshold for the kinematic fit is studied with a Monte Carlo sample of pK(Σ 0 Ñ γΛ) events. Including the cross section ratios, the contamination of Σ 0 events is less than 5% for the 2.95 GeV/c data [1] and less than 1% for the 2.70 GeV/c data [10] . From the Monte Carlo simulations it is known that the pp Ñ pK(Σ 0 Ñ γΛ) events are shifted by the kinematic fit, which assumes a pp Ñ pKΛ reaction, to backward kaon directions. Therefore, the 2.95 GeV/c data are analyzed in addition with a selection on the kaon angle of |cosϑ cm K | ă 0.9 and compared with the results without this restriction. Apart from statistical fluctuations, no differences are found in the distributions of all polarization observables.
In order to determine the beam polarization, a sample of elastic scattering events is recorded by a trigger which requires at least two charged tracks. With cuts on the coplanarity and on the missing energy elastic scattered events are determined with a background of less than 1% [10] . By evaluating the left-right asymmetry of the elastic scattered protons and by comparing this distribution with the analyzing power determined with the partial wave analysis SAID [12] the averaged transverse beam polarization is determined. For the 2.70 GeV/c data it is (79.0 1.1)% [10] . The 2.95 GeV/c data were acquired in two different runs, the first with 54,000 events had a polarization of (61.0˘1.7)% [13] and the second with 121,000 events had a polarization of (87.5˘2.0)% [11] . Both runs are analyzed together by assuming a weighted mean beam polarization of (79.3˘2.0)%. For the data taking the direction of the beam polarization was changed by switching the polarization in the H´ion source [14] with every spill, which has a typical length of 100 s.
The systematic errors due to instrumental asymmetries are studied by comparing the results of the observables obtained by different methods: in case of the Λ polarization these are the integral method, which is applied in this analysis (see eq. 2), and the weighted sum method, which is described in [15] . In case of the analyzing power these are the double difference method (eq. 9 of reference [16] ), and the method described in eq. 6. The comparison of both methods indicates that the deviations are within the range of their statistical error. Therefore, we assume that the systematical errors are less than or equal to the statistical errors. For the spin transfer measurement we assume the same systematical error due to instrumental asymmetries as in the former observables. The effect of admixtures of pK(Σ 0 Ñ γΛ) events is expected to introduce the same amount of systematic errors. With these assumptions the mean absolute systematic error for the Λ polarization is 0.04. For the measurement of the analyzing power and the spin transfer coefficient the uncertainty of the beam polarization has to be added to the systematic errors, the mean value of these systematic errors is 0.05 (absolute value).
3 Λ polarization P N
Results
The Λ polarization is given by the equation:
θ˚is the angle between the direction of the decay proton (in the Λ rest frame) and the normal vector to the plane which is spanned by the beam proton and the Λ direction. α is the hyperon decay asymmetry parameter: αpΛ Ñ pπ´q " 0.642˘0.013 [17] From eq. 1 the Λ polarization is calculated by applying the difference of the count rates with cospθ˚q ą 0 (N A ) and cospθ˚q ă 0 (N B ):
For the beam momentum of 2.70 GeV/c 227,000 events and for the beam momentum of 2.95 GeV/c 206,000 events are analyzed, including runs without beam polarization. The Λ polarization is shown in fig. 2 as a function of the scattering angle, of Feynman x F 1 , and of the transverse momentum. The initial system consists of two identical particles 2 , therefore, the Λ polarization has to change its sign between the backward Λ region and the forward Λ region:
1 Feynman xF is defined as the ratio of the longitudinal cm momentum to its maximum possible value 2 this is exactly true only for an unpolarized beam, the polarization of the beam proton violates this symmetry. But the Λ polarization is evaluated by taking the average of the up and down polarization runs. The integrated luminosities with up and down polarization are almost the same. 
As the evaluation of the dependence on the transverse momentum averages the Λ polarization of the forward and backward region of the Λ, the resulting polarization would be zero. Therefore, by evaluating the dependence on the transverse momenta, the sign of the polarization for events in the backward region is reversed. The same holds for the dependence on the invariant masses.
The measured Λ polarization is shown in fig. 2 as function of the three kinematic variables. In this and all following figures the error bars indicate the statistical errors. The striking feature of the data is the change of the sign of the polarization between the two beam momen-tum settings, which is seen in all figures. In the Λ backward region the Λ polarization is negative for the beam momentum of 2.70 GeV/c and positive for the beam momentum of 2.95 GeV/c. In the forward range the signs are exchanged. This phenomenon has not been observed before. Both curves exhibit within their errors the expected point symmetry for cosϑ cm " 0 and x F " 0. In addition to the difference in sign, the absolute values of the Λ polarization are significantly different between the two data sets.
As the variables Feynman x F and transverse momentum are not independent, restricted efficiency in one of these variables will affect the value of the Λ polarization in the other variable. For the transverse Λ momentum the COSY-TOF efficiency (acceptance¨reconstruction efficiency) is nearly constant, the variation is less than˘10%. For the Feynman x F variable the acceptance drops in the range of |x F | ą 0.8 from 50% of the maximum acceptance to zero at |x F | " 1. But the range of |x F | ą 0.8 corresponds to less than 2.8% of the total phase space volume. Therefore, the small fraction of events lying in this range can be neglected for the p t distribution.
Comparison with existing data
In a first COSY-TOF publication [18] the Λ polarization was given as a function of the Λ transversal momentum. But here the change of sign between the Λ backward and forward region as given in equation 3 was not taken into account. Therefore, these values cannot be compared with the new results.
The full kinematic range of the Λ polarization can only be compared with measurements of DISTO and HADES, which covered a large fraction of the available phase space. The results of these measurements are shown together with the COSY-TOF results in fig. 3 . The references are given in table 1. Apart from one data point at x F " 0.55 the DISTO data 3 agree with the COSY-TOF data of 2.95 GeV/c. In dependence on the transverse momentum the HADES data exhibit a negative Λ polarization similar to the 2.95 GeV/c COSY-TOF results.
As there are conjectures in the literature (see for instance [30] ) that the Λ polarization may be independent of the beam momentum and target material, the COSY-TOF results are compared with measurements with beam momenta ranging from near threshold up to 1 TeV/c and with measurements on different target materials. These experiments cover only a small part of the available phase space. The range of x F and p t , for which the Λ polarization is specified, is plotted by lines in fig. 4 . The labels of the different experiments in the legends of figs. 3,4 are referenced in table 1.
Most of these measurements are inclusive, and thus the separation of directly produced Λ from Σ 0 Ñ γΛ decay is not possible. The first determination of the Σ 0 polarization [31] yields a value of « 30% with opposite sign [7] p+Be Ñ Λ+X 13.5 GeV/c AGS 1988 18.5 GeV/c [7] p+Be Ñ Λ+X 18.5 GeV/c AGS 1996 [22, 23] p+p Ñ pK`Λ N(π`π´) 27.5 GeV/c FNAL 1989 [24] p+Be (Cu,Pb) Ñ Λ+X 400.9 GeV/c FNAL 1991 [25] p+p Ñ pK`Λ 800.9 GeV/c FNAL 1994 [26] p+Be Ñ Λ+X 800.9 GeV/c DISTO 1998 [4] p+p Ñ pK`Λ 3.67 GeV/c CERN NA48 1999 [27] p+Be Ñ Λ+X ? s = 61 GeV HERA-B 2006 [28] p+C(W) Ñ Λ+X 920.9 GeV/c HADES 2014 [3] p+Nb Ñ Λ+X 4.34 GeV/c ATLAS 2015 [29] p+p Ñ Λ+X ? s = 7 TeV compared to the Λ polarization. Therefore, the inclusive measurements are expected to reveal a Λ polarization that is lower than the polarization of the directly produced Λ. The ratio of directly produced Λ to those from the Σ 0 decay is dependent on the beam momentum and may be dependent on the kinematical regions of the measurements. The first exclusive measurement of the Λ polarization of the reaction pp Ñ pK`Λ at CERN [32] yielded values up to 60%, which are significantly larger than the results obtained by the inclusive measurements. The high polarization values were confirmed by an exclusive measurement at FNAL [25] .
In order to incorporate the restricted ranges of the measurements given in fig. 4 , the results of COSY-TOF are recalculated for 4 ranges in x F and compared with values of the literature that are inside these ranges (see fig. 5 ).
For each interval in x F a linear fit is applied to the COSY-TOF data. The results are given in table 2. The slope of the 2.70 GeV/c data fit is positive for all x F intervals and rises with x F . The slope of the 2.95 GeV/c data fit is negative and within the errors the same in the first three x F intervals. For the extreme Λ forward and backward range (|x F | ą0.7) it is compatible with zero. No systematic agreement with the data from the literature can be detected. Nearly all measurements of the literature show a negative Λ polarization. Apart from the data of one experiment [25] below p t = 0.6 GeV/c the COSY-TOF 2.70 GeV/c data are the only ones with a positive polarization for all intervals. The dependence of the Λ polarization on the kaon-Λ invariant mass is given by the experiments BNL E766 and FNAL E690 [25, 33, 34] . These data are compared with the data of COSY-TOF in fig. 6 . Because the data of BNL and FNAL are restricted to Feynman x F region of |x F | ą 0.4, we apply the same restriction to the COSY-TOF data. The BNL data set varies by including π`π´pairs to the pKΛ final state. Only the data with 2 and 4 pions are shown in fig. 6 . No obvious similarities between these data sets and the COSY-TOF data can be found. For the sake of completeness the Λ polarization is plotted as a function of the pΛ invariant mass in the lower part of fig. 6 . No data in the literature are existing for comparison.
Dependence of the Λ polarization on the cm momentum
In order to characterize the variation of the Λ polarization with cosϑ cm Λ by only two parameters, the Λ polarization is multiplied by the differential cross section and fitted with the sum of the associated Legendre polynomials L 
dσ 0 {dΩ is the spin averaged differential cross section determined as described in sec. 4.3. These polynomials are 
Results
The analyzing power A N describes the left-right asymmetry of the final state particles induced by the vertical beam polarization. The analyzing power is determined by applying the equation:
ϕ is the azimuth angle, N denotes the count rates, and Ò, Ó indicate the direction of the beam polarization. P B is the absolute value of the beam polarization. Three beam proton analyzing powers can be determined: A N pϕ p q, A N pϕ K q, and A N pϕ Λ q depending on which final state particle is considered.
In contrast to the Λ polarization the symmetry of the initial system is broken because the beam proton is po- larized. Therefore, no symmetry in the functional dependence on the scattering angle and on the Feynman x F are expected. The following boundary conditions are given: A N p|cospϑ cm q| " 1q " 0 and A N p|x F | " 1q " 0. As the minimum of the transverse momentum corresponds to |cospϑ cm q| " 1, the analyzing power at p t = 0 GeV/c must also be zero.
The results of the analyzing power measured by the proton, kaon, and Λ asymmetries are shown in fig. 8 . The analyzing powers are given as a function of the cm scattering angle, the Feynman x F , and the transverse momentum of the corresponding final state particle.
While the analyzing power generating the p and Kà symmetries does not change significantly with the beam momentum, larger differences are found for the analyzing power from the Λ asymmetry. The analyzing power of the proton and of the Λ asymmetry are mainly negative, while the analyzing power of the kaon asymmetry is essentially positive. For transverse momenta below 0.25 GeV/c the analyzing power of the proton asymmetry is nearly zero and decreases linearly to´0.2 above this momentum. The analyzing power of the kaon asymmetry shows an inverse behavior: for momenta below 0.25 GeV/c it increases nearly linearly from 0 to 0.10 and it is constant above this momentum. 
Comparison with existing data
The analyzing power has only been measured exclusively for the associated strangeness production by DISTO and COSY-TOF. The DISTO data were measured at beam momenta of 3.67 GeV/c, 3.31 GeV/c, and 2.94 GeV/c [35, 36] . The analyzing power determined with the Λ asymmetry of the 2.94 GeV/c data 4 are compared in fig. 9 with the COSY-TOF data of 2.95 GeV/c as a function of the scattering angle, Feynman x F , and the transverse momentum. While the dependence on the transverse momentum of both data sets exhibits a similar behavior, discrepancies are seen in cosϑ cm and x F : for the forward range the DISTO data yield a negative analyzing power, the COSY-TOF data have positive values.
A subset of the COSY-TOF data, which had been measured in 2010, was evaluated in [13] for the determination of the spin triplet pΛ scattering length. The comparison of the analyzing power of the kaon asymmetry is given in the last plot of fig. 9 . Both analyses exhibit consistent characteristics of this analyzing power. In the top panels the analyzing power measured at 2.95 GeV/c is compared with data from DISTO, which were measured at 2.94 GeV/c [35] . The bottom panel compares the analyzing power of the kaon asymmetry at 2.95 GeV/c with a previous analysis including only 20% of the COSY-TOF data [13] .
Description with Legendre polynomials:
The differential cross section of proton-proton interactions with a beam polarization P B in the˘y direction and an unpolarized target is given by ( [37, 38] ):
dσ 0 pcosϑ˚q/dΩ is the spin averaged differential cross section and dσ y pcosϑ˚q/dΩ is the spin dependent cross section. The analyzing power A N is given by The differential cross sections can be expressed by a sum of Legendre polynomials:
n ) are the associated Legendre functions of order 0 (1). a n are the related coefficients of order 0, n " 0, 1, 2 . . . and b n , n " 1, 2, 3 . . . are the related coefficients of order 1. In order to determine the coefficients b n , the product of the analyzing power and the unpolarized cross section A N¨d σ 0 {dΩ is fit with the n " 1, 2, 3 associated Legendre functions. The unpolarized cross section dσ 0 {dΩ is determined by fitting the angular distribution (see fig. 3 in reference [1] ) with associated Legendre functions of order 0 up to the degree of n " 2. The fit results of A N¨d σ 0 {dΩ are shown in fig. 10 .
In contrast to proton-proton reactions with two particles in the final state -e.g. pp Ñ dπ`-no direct conclu- sions on the partial waves can be drawn from the composition of the Legendre coefficients.
Dependence of the Legendre Coefficients on the particle momenta
In order to determine the dependence of the Legendre coefficients on the particle cm momentum, the data are divided into six bins of the particle momentum. The analyzing power distribution is calculated for each bin and fit with the Legendre polynomials L 1 n pn " 1, 2, 3q. The distributions of the analyzing power and the fit in each bin are shown in the appendix A in figs. 17 -22. The range of the momentum of each bin is indicated in the plots. The momentum dependence of the coefficients is shown in fig. 11 .
By omitting the coefficients b 2 , b 3 or both in the fit and by comparing the reduced χ 2 of these fits it is observed that below cm momenta of 200-300 MeV/c the analyzing power can be described with the first Legendre polynomial alone. Above this momentum the analyzing power of the proton asymmetry needs the third Legendre polynomial and the analyzing powers of the Λ and kaon asymmetry need the second Legendre polynomial.
The spin triplet part of the p-Λ scattering length can be derived from the kaon cm momentum distribution and the analyzing power [39] . This method is based on the variation of the coefficient b 1 (see eq. 9) with the kaon cm momentum in the range of the highest kaon momenta ( fig.  11, second column) . At 2.95 GeV/c (lower row of fig. 11 ) the coefficient b 1 is for the highest kaon momenta close to zero (´0.05˘0.02), thus the spin triplet part of the Λ-p scattering length can not be determined with the required precision [13] . But for the 2.70 GeV/c data this coefficient is´0.12˘0.01 for the higher kaon momenta (upper row of fig. 11 ), enabling this determination. The results of the scattering length from the 2.70 GeV/c data are discussed in a separate paper [40] .
Spin transfer coefficient: D NN

Results
The transfer of the beam-proton polarization to the hyperon is quantified by the spin transfer coefficient D NN . The common definition (see for instance [7] ) implies that it is positive if the polarization of the hyperon is aligned with the beam polarization, negative if the hyperon polarization is oriented opposite to the beam polarization, and zero if the hyperon polarization is independent of the beam polarization.
The spin transfer coefficient is calculated with the following formula:
α is the Λ decay asymmetry parameter, P B the magnitude of the beam polarization, and ǫ D pϑ˚q is calculated from the differences of count rates depending on the orientation of the beam polarization, the Λ polarization, and the hemisphere of the detector. For a detailed discussion see ref. [41] . The spin transfer coefficient D NN is shown in fig. 12 as a function of the Λ scattering angle, Feynman x F , and the transverse momentum of the Λ. The measurements show that the coefficient D NN is negative for nearly all regions, thus the hyperon polarization is opposite to the beam polarization. It is mainly constant as a function of the scattering angle and of Feynman x F within the interval of x F = r´0.4,`1.0s. For the 2.70 GeV/c data D NN increases linearly with the transverse momentum with a slope of (1.3˘0.2) (GeV/c)´1 starting with´0.6 at p t = 0 GeV/c. This behavior is not repeated for the data of 2.95 GeV/c beam momentum, where the fit gives a gradient consistent with zero.
Comparison with existing data
The first measurement of the spin transfer coefficient of pp Ñ Λ X was performed in 1975 at a beam momentum of 6 GeV/c [42] . D NN was measured to be « 0 for Feynman x F ă 0.6 and for x F ą 0.6 to be «´0.5. The range of the corresponding transverse momentum is not given in the paper and the contamination with Λ's of the Σ 0 decay is not discussed. In 1988 D NN was measured at beam momenta of 13.3 GeV/c and 18.5 GeV/c with a beryllium target [7] . The measurements covered transverse momenta from 0 to 3 GeV/c with Feynman x F mainly in the forward range. The ratio of Λ from the Σ 0 decay to direct production was estimated to be 40%. No significant deviations of D NN from zero were found. A third measurement with a beam momentum of 200 GeV/c and a liquid hydrogen target covered the forward range of x F [8] . The fraction of Λ's from Σ 0 decay is not discussed in the paper. D NN was measured to be compatible with zero for 0.1 GeV/c ă p t ă 0.6 GeV/c, and for 0.6 GeV/c ă p t ă 1.5 GeV/c D NN is positive and in the range of 0.3-0.4. The results of these measurements are not in agreement with the present data and they exhibit no consistent dependence on Feynman x F . Therefore, it cannot be determined how strongly the polarization transfer depends on the beam momentum. The first exclusive measurements of the polarization transfer were performed by the DISTO experiment [35] . Here pKΛ and pKΣ 0 events are identified in the pK missing mass spectrum. For the beam momentum of 3.67 GeV/c the admixture of Λ from Σ 0 decay was measured to be lower than 30% [9] . These data are compared with the COSY-TOF results of p b = 2.95 GeV/c in fig. 13 . Both data sets exhibit a negative D NN , which is approximately constant. The magnitude of D NN measured by COSY-TOF is smaller compared with the DISTO data. The mean value of the COSY-TOF data in the x F range of r´0.5,`1.0s is´0.37˘0.02, the corresponding mean value of the DISTO data is´0.46˘0.01. The mean values of each measurement are given in table 3. The indication that D NN changes to positive values for x F ă´0.6 cannot be confirmed by the DISTO data, as the acceptance of this detector for that range is too small [43] .
Comparison with model calculations
As developed by Laget [44] the dependence of the spin transfer coefficient on the Feynman x F can be characterized by assuming pion or kaon exchange mechanism for the associated strangeness production. lower vertex in the Feynman diagram is given by p Ñ K+ Λ. Here the parity changes, and therefore, the Λ spin has to be opposite compared to the beam proton polarization direction (D NN "´1). For backward Λ regions the Λ is essentially produced on the unpolarized target proton. Thus, in this region D NN is expected to be zero.
As for x F ą 0 the data exhibit D NN «´0.3, the conclusion from the Laget model indicates the existence of a mixture of kaon and pion exchange mechanism. The backward region exhibits the same value for D NN , only for fig. 3 of ref. [45] ). In addition, this calculation gives the ratio of the total cross sections R = (pn Ñ nK`Λ) / (pp Ñ pK`Λ) as a function of D π {B ρ . The value of D NN "´0.3 implies the ratio R = 4 and R = 6. This ratio will be examined by a future publication, where results from COSY-TOF of pn Ñ pK 0 Λ at a beam momentum of 2.95 GeV/c will be presented.
Summary
The Λ polarization, the analyzing power determined by the asymmetry of the final state particles, and the Λ spin transfer coefficient are measured exclusively in the reaction pp Ñ pK`Λ at beam momenta of 2.70 GeV/c and 2.95 GeV/c.
It is shown that the Λ polarization changes significantly in its magnitude and sign with the beam momentum. This is the first time that this effect is observed. In contrast to all existing data the 2.70 GeV/c COSY-TOF data exhibit a positive Λ polarization in forward direction. The 2.95 GeV/c data are in agreement with the measurements of DISTO and HADES. Comparisons of the Λ polarization of both beam momenta with data from high beam momentum experiments do not yield similar characteristics.
In contrast to the Λ polarization the analyzing power does not change significantly with the beam momentum, only the analyzing power measured with the Λ asymmetry differs for these beam momenta. The results at 2.95 GeV/c beam momentum are in agreement with a measurement of DISTO at a beam momentum of 2.94 GeV/c. Apart from the DISTO data no other data exist for comparison. The dependence of the Legendre coefficients on the particle cm momenta yield different behavior between the two beam momenta, especially for the analyzing power measured with the kaon asymmetry.
The measurement of the spin transfer coefficient D NN yields a negative value of about´0.3. Apart from the backward region (x F ă´0.6) this value does not significantly vary with the beam momentum. The comparison with data from the DISTO experiment yields an agreement of the sign, but the magnitude of D NN measured with DISTO is about 25% larger compared with the COSY-TOF data. A model calculation, which compares ρ and π exchange, connects the value of D NN with the ratio of the cross sections associated strangeness production in pp and pn reactions. The measured value of D NN implies that this ratio is 4 or 6. This ratio will be determined with existing COSY-TOF data. 
